Abstract. to elucidate the potential etiological role of rUnX3 in the development of salivary gland adenoid cystic carcinoma (Acc), we analyzed the methylation status of rUnX3 in a series of 114 Acc tissues and 3 Acc cell lines. results showed that the methylated rate of rUnX3 was 50.9 and 3.5% in the 114 Acc samples and the corresponding normal salivary glands, respectively, achieving a significant difference (p<0.001).
Introduction
Human salivary gland adenoid cystic carcinoma (Acc), a common malignant tumor in the oral and maxillofacial region, is characterized by high invasiveness, high incidence of neurological and vascular invasion, high local recurrence and high lung and other metastases; these clinical biological features are the main prognostic factors leading to reduced survival in patients (1) (2) (3) (4) (5) . surgery and radiotherapy are currently used to treat this malignancy (6, 7) . Studies have revealed that abnormal expression of cell adhesion and proliferation-associated genes are relevant to the high invasiveness of this malignancy, but the actual mechanism behind this characteristic remains to be clarified. Human runt-related transcription factor-3 (RUNX3), a tumor-suppressor gene newly discovered in gastric carcinoma, is located on chromosome 1p36. It plays an important role in human embryonic development and in the genesis and development of various types of tumors and is closely related to invasion and metastasis (8) (9) (10) (11) (12) (13) (14) (15) . In tgF-β-mediated cell apoptosis signaling pathways, rUnX3 is an important downstream regulatory factor. If rUnX3 is inactivated, tgF-β fails to promote apoptosis and inhibit proliferation, leading to abnormal cell proliferation or tumor formation (8, (16) (17) (18) . studies have shown that promoter methylation and loss of heterozygosity (LOH) are the major causes for inactivation of rUnX3; in some tumors, acquired promoter methylation and histone deacetylation of suppressor genes are associated with the genesis and development of tumors, and the degree of methylation of tumor-suppressor genes is associated with patient prognosis (19) (20) (21) (22) (23) (24) . studies have shown that the methylation of certain tumor-suppressor genes, cell adhesion-associated genes and cell cycle-associated genes is associated with the genesis of Acc (25) (26) (27) .
ACC-2 and ACC-3 cell lines established in 1988 maintain the characteristics of Acc and Acc-M cell lines, which are characterized by high pulmonary metastasis and are screened from Acc-2 lines. these cell lines (Acc-2, -3 and -M) provide a basis for experiments to study the biological features and the molecular mechanism of Acc invasion and metastasis (27) (28) (29) . 5-Aza-deoxycytidine (5-Aza-dc), a reverse transcriptase of DnA methylation, can reverse DnA methylation in vitro. there are currently no reports regarding rUnX3 expression in ACC-2, ACC-M and ACC-3 cell lines, and it has not been clarified whether the use of 5-Aza-dc improves rUnX3 expression in Acc-2, Acc-M and Acc-3 cells. In this study, we detected rUnX3 expression in Acc-2, Acc-M and Acc-3 cell lines treated with 5-Aza-dC by RT-PCR and Western blotting, and we determined the cellular localization of rUnX3 protein after 5-Aza-dC treatment by laser scanning confocal microscope (lscM), thus providing experimental evidence for studying the mechanism of rUnX3 in Acc. Furthermore, we studied rUnX3 promoter methylation using real-time methylation-specific pcr (real-time Msp) in Acc tissue Cell culture and treatment. the Acc-2, Acc-M and Acc-3 cell lines were donated by the Shanghai Ninth People's Hospital affiliated with Shanghai Jiaotong University. ACC-2, ACC-M and Acc-3 cells were cultured in rpMI-1640 medium containing 10% fetal bovine serum (FBS), 100 U/ml of penicillin and streptomycin at 37˚C in 5% CO 2 . After the cells reached 80% confluency, they were digested with 0.25% trypsin and passaged for subculture; 24 h later, the cells were supplemented with 5-Aza-dC to a final concentration of 300 nmol/l and continuously cultured for three days. prior to use, cells were digested with 0.25% trypsin, rinsed three times with 4˚C PBS, precipitated at 4˚C, centrifuged at <2000 x g for 1 min, and were suspended in PBS at a cell density of 1x10 6 /ml. total RNA and protein were extracted and stored at -70˚C until use.
RNA extraction and reverse transcription. total rnA was extracted using TRIzol (Gibco) from 1x10 6 Acc-2, Acc-M or Acc-3 cells treated with 5-Aza-dc or left untreated. rnA was dissolved in 25 µl of Dnase/rnase-free ddH 2 o treated with DEPC, and RNase inhibitors (RNasin ® ) were added to a final concentration of 1 U/µl. Genomic DNA contamination in total RNA was digested with RNase-free DNase Ⅰ. cDNA was synthesized using 1 µg of total rnA templates as previously described (31) . Some cancer cells and matching normal salivary gland tissues were microdissected from the frozen tissue in 19 Acc cases with the lM100 laser capture microdissection system (Arcturus engineering Inc., Mountain View, cA, UsA). extraction of total rnA from the dissected cells of the tumor and non-tumor specimens, removal of genomic DnA contamination and cDnA synthesis were carried out following the same method as that used in the Acc cell lines.
DNA extraction and bisulfite modification. genomic DnA was extracted from Acc-2, Acc-M and Acc-3 cells, which were either treated with 5-Aza-dc or left untreated, using the phenol-chloroform method (31) . Paraffin sections (5-10) (7-10 µm) were prepared and subjected to laser capture microdissection (lcM) using the lM200 lcM system (Arcturus engineering Inc.). trace DnA was extracted and purified by the proteinase K digestion method as previously reported (31) . DNA was modified using the bisulfite method following instructions in the EpiTect Bisulfite kit (Qiagen).
PCR amplification. primers used to amplify cDnA of rUnX3 and β-actin in real-time rt-pcr were designed as previously described (32) Analysis of the intracellular location of the RUNX3 protein detected by LSCM. cells were digested with 0.25% trypsin, and 200 µl per well were plated (at 2x10 3 cells/well) into 6-well plates containing aseptic cover slides on the bottom. ACC cells were inoculated, and when cells reached 60-80% confluency, the medium was discarded, and cells were treated with 300 nmol/l of 5-Aza-dC or left untreated as noted above. Cells were then washed with PBS for 10 min, fixed in formaldehyde for 5 min, then washed again with PBS for 10 min. Cells were treated with Triton X-100 (0.1% v/v) for 5 min and washed with PBS. Goat serum (1%) was added and incubation was carried out for 20 min. Goat anti-human RUNX3 polyclonal antibody (diluted x30; R&D Systems Inc., USA) was added and incubation was carried out for 1 h at 37˚C. Cells were washed three times in PBS, exposed for 1 h to rhodamine-labeled rabbit anti-goat secondary antibody (diluted x30, Caltag Laboratories, USA) at 37˚C and were washed three times in PBS. Protein expression was detected using lscM (leica tcs-nt, germany). the parameters included an excitation wave length of 567 nm, xyzaxis scanning, a laser power of 20±2 mW, a scanning intensity of 50%, a pMt of 852, a detect pinhole of 2.02 and scanning frequency of four. thirty random cells from each sample were selected for the detection of fluorescence intensity, and each experiment was repeated three times.
Western blot analysis. Acc-2, Acc-M and Acc-3 cells treated with 5-Aza-dc or left untreated were collected, with cell counts of 1x10 6 . Cell lysis buffer was added at a volume equal to six times that of the cell pellet. total protein was extracted and then quantified using the Lowry method (34) . After real-time Msp and rt-pcr analysis, 19 frozen specimens with sufficient tissue for detection were used for Western blot analysis. ACC and adjacent normal tissues (150 mg of each) were collected, cleaned by washing with physiological saline and cut into pastes. protein was extracted and quantified using the same method described above. Protein was electroblotted to a nitrocellulose membrane (NC membrane), fresh rabbit anti-human RUNX3 polyclonal antibody (R&D Systems Inc.) was added, and the blot was incubated overnight at 4˚C. The NC membrane was washed, and fresh alkaline phosphatase-labeled goat anti-rabbit IgG (R&D Systems Inc.) was added. The blot was incubated for 2 h at room temperature. After the membrane was rinsed, the color was developed using a staining solution, and the reaction was terminated. β-tubulin monoclonal antibody (Mr 51000, Takara) served as an inner control. Images were captured by an Epson color image scanner and were analyzed by Image-Pro Plus software (version 5.1; Media Cybernetics, USA). The β-tubulin protein grayscale was used for calibration, and the relative amount of protein was calculated.
Statistical analysis. spss 14.0 statistical software was utilized. Count data comparison between groups was carried out using the χ 2 test and those not in accord with χ 2 test conditions were analyzed using Fisher's exact test. Measurement data comparison between groups used one-way ANOVA, and the results of the measurement data were stated as the mean ± seM. p<0.05 indicated a statistically significant difference. Survival analysis was carried out by means of the Kaplan-Meier method, and significant levels were assessed by means of the log-rank test. A univariate analysis with the cox regression model was used to determine prognostic factors, and multivariate analysis with the Cox regression model was used to explore combined effects. p-values <0.05 were considered to indicate statistical significance.
Results

Expression of RUNX3 mRNA in ACC-2, ACC-M and ACC-3 cells after 5-Aza-dC treatment.
prior to treatment with 5-Azadc, rUnX3 mrnA was present in the Acc-2 and Acc-3 cells but was not present in the ACC-M cells (Fig. 1A and B) . After the cells were treated with 5-Aza-dc, the rUnX3 mRNA level was enhanced in both the ACC-2 and ACC-3 cells, and was also detected in the Acc-M cells (Fig. 1c  and D) . These results demonstrated that inhibition of RUNX3 mRNA expression might be associated with RUNX3 promoter methylation.
Correlation between RUNX3 methylation in ACC cells and clinicopathologic parameters. RUNX3 promoter 5'-CpG islands were incompletely methylated in the Acc-2, Acc-M and Acc-3 cells, and the degree of methylation was 50, 75 and 33% in the Acc-2, Acc-M and Acc-3 cells, respectively. After cells were treated with 5-Aza-dc, rUnX3 was not methylated in the Acc-2, Acc-M and Acc-3 cells, indicating that methylation was reversed. the methylation status of rUnX3 was analyzed by real-time MSP in 114 samples of ACC cases. In Accs and nsgs, the positive values of rUnX3 methylation were 50.9% (58/114) and 3.5% (4/114), respectively. these two levels were significantly different (P<0.001), suggesting that rUnX3 methylation plays an important role in the genesis of tumors. There was a significant correlation between RUNX3 methylation and various clinicopathological parameters of Accs, such as perineural invasion, lymph node involvement, t-stage and distant metastasis (all p<0.001). However, there was no significant correlation between the degree of RUNX3 methylation and gender, age at diagnosis, tumor site and histologic types of ACCs (all P>0.05) ( Table I) .
Effects of 5-Aza-dC on the expression of RUNX3 protein in ACC cells using LSCM analysis. RUNX3 protein was weakly expressed in the Acc-2, Acc-M and Acc-3 cells, with the weakest expression in the ACC-M cells (Fig. 2) . RUNX3 protein was observed in the cytoplasm of the ACC-2 ( Fig. 2A) and ACC-M (Fig. 2B ) cells but was not observed in the nuclei of either cells. RUNX3 protein was weakly observed in both the nucleus and the cytoplasm of Acc-3 cells (Fig. 2c) . After all the cells were treated with 5-Aza-dc, positive rUnX3 protein signals were enhanced and observed in the nucleus of Acc-2 cells (Fig. 2D) , and was also increased in Acc-M (Fig. 2e) and Acc-3 (Fig. 2F) cells. levels of rUnX3 protein remained lowest in the Acc-M cells.
RUNX3 expression detected by Western blot analysis.
As shown in Fig. 3, rUnX3 protein expression was noted in the Acc-2 and Acc-3 cells, and the rUnX3/gApDH relative levels were 0.61 and 0.65 for Acc-2 and Acc-3 cells, respectively. rUnX3 protein was not expressed in the Acc-M cells. After cells were treated with 5-Aza-dc, rUnX3 protein expression in the Acc-2 and Acc-3 cells was slightly increased, and the rUnX3/gApDH relative levels were 0.72 and 0.82, respectively. Acc-M cells treated with 5-Aza-dc also expressed rUnX3 protein, with a rUnX3/gApDH relative level of 0.76. These findings suggest that inhibition of RUNX3 expression may be associated with RUNX3 promoter methylation. These results were consistent with the LSCM results. Western blotting results based on 19 cases of ACC showed that the relative quantity of rUnX3 protein expression was 0.79±0.03 in the nscs but 0.49±0.05 in the ACC cases. Statistical analysis showed that the expression of RUNX3 protein in the ACCs was significantly lower than that in the nsgs (p<0.001) (Fig. 4) .
Correlation between RUNX3 methylation, protein expression and clinicopathologic parameters. In 19 cases, the degree of rUnX3 methylation in Accs was consistent with the down-regulation of rUnX3 mrnA and protein expression (Table II) . These results suggest that RUNX3 methylation may be a key control mechanism of RUNX3 silencing during ACC progression. protein expression and metastasis (p=0.012) were significantly related to T staging (P=0.02), and RUNX3 protein expression in metastatic Accs was significantly higher than in those without metastases (Table III) .
Survival analysis. Using univariate analysis (Cox's regression model), RUNX3 methylation was found to be significantly associated with a worse prognosis (p=0.009), and age had a weak association with overall survival (P=0.110) (Table IV) . the 5-year disease-free survival (DFs) was 70.83% in the 24 patients with unmethylated rUnX3, and 5.88% in the 17 patients with RUNX3 methylation. Kaplan-Meier survival curves showed that the survival rates of patients with methylated RUNX3 were significantly worse than that of patients with unmethylated RUNX3 (P=0.001; log-rank test) (Fig. 5) . However, no significant association between overall survival and gender (p=0.985) or age (p=0.097) or tumor site (p=0.727) or solid histotype (p=0.645) or distant metastasis (p=0.843) or perineural invasion (p=0.379) or lymph node involvement (p=0.558) or t-phage (p=0.782) was found. Multivariate survival analysis revealed that only rUnX3 methylation was an independent significant prognostic factor (p=0.011; Cox-regression, Table V) for ACC patients after surgery.
Discussion
the genesis and development of Acc involve multiple genes and multiple steps, whose molecular bases are the activation of oncogenes and/or the inactivation of tumor-suppressor genes. DnA methylation plays important roles in gene expression regulation and cell proliferation, differentiation and development, and methylation is closely related to the genesis and development of tumors (35) (36) (37) . this study demonstrated that RUNX3 was expressed in ACC-2 and ACC-3 cells, but no rUnX3 mrnA or protein was expressed in Acc-M cells from advanced lung metastases. After cells were treated with 5-Aza-dc, the expression of rUnX3 mrnA and protein was present in ACC-M cells and was increased in both ACC-2 and Acc-3 cells. 5-Aza-dc, a deoxycytidine analogue and a DNMT1 inhibitor, can covalently bind to DNA methyltransferase during DnA replication to reduce the activity of DnA methyltransferase. The result of this interaction is the inhibition of abnormal methylation of gene CpG islands and the activity of histone deacetylase in demethylation and restoration of the function of tumor-suppressor genes. Thus, the final result is the inhibition of tumor growth (38) . The present study suggests that a decrease in or deficiency of RUNX3 expression in ACC cells may be caused by the methylation of CpG islands in the rUnX3 promoter region; 5-Aza-dc may help the inactivated RUNX3 gene to become demethylated, thus allowing RUNX3 to be re-expressed and thus restoring its tumor-suppressor function. This hypothesis was confirmed by RUNX3 methylation experiments. the Acc-M cell line screened from Acc-2 cell lines has a high rate of lung metastasis, while rUnX3 expression deficiency is associated with tumor invasiveness and metastasis (39, 40) , suggesting that the high invasiveness of lung metastasis in ACC-M cells is linked to RUNX3 expression deficiency. The results suggested that RUNX3 expression can serve as an indicator for Acc invasiveness. lscM results showed rUnX3 protein was mostly expressed in the cytoplasm of ACC-2 and ACC-M cells, but low expression of rUnX3 was also noted in the nucleus of Acc-3 cells. Following treatment with 5-Aza-dc, rUnX3 protein expression was increased in the cytoplasm of all cells tested; rUnX3 protein was noted in the nucleus of Acc-2 cells, while rUnX3 protein expression in Acc-M cells was cytoplasmic. rUnX3 protein is an important downstream regulatory factor in the tgF-β-mediated apoptosis signaling pathway. tgF-β signal transduction in cells is mainly mediated by the Smad protein; RUNX protein binding to R-Smad (Smad2 and Smad3) has an important effect on tgF-β signal transduction (41) (42) (43) (44) (45) . Zaidi et al (46) reported that activated smad protein complexes in tgF-β signal transduction can be transferred from the cytoplasm to nuclear-specific target sites under the guidance of RUNX proteins (including rUnX3). together with rUnX proteins, the activated smad protein complexes activate the transcription of target genes to regulate cell differentiation, cell cycling, apoptosis and malignant transformation. these results suggest that rUnX3 protein expression in the cytoplasm of Acc cells is associated with the genesis and development of tumors. the present study found that ectopic expression of rUnX3 protein in the cytoplasm of tumor cells is also an important mechanism of tumorigenesis of various tumor types. current explanations for this mechanism focus on the following two points. i) since one or more relevant factors inactivate the tgF-β signaling pathway, RUNX3 proteins that accumulate in large numbers in the cytoplasm cannot be transferred to the nucleus, thus failing to activate target genes and inducing cellular apoptosis, leading to tumorigenesis. ii) It has been hypothesized that the structural changes of rUnX3 protein leading to dysfunction is the cause for rUnX3 protein accumulation in the cytoplasm (47) . ectopic expression of rUnX3 protein was noted in the cytoplasm of tumor cells, rather than an inhibition of the RUNX3 tumorsuppressor gene. Adequate experimental evidence to elucidate this issue is lacking.
this study used real-time Msp to detect rUnX3 methylation in 114 cases of ACC and in adjacent NSGs. The results showed that the degree of methylation in the Acc samples was significantly higher than that in the nsgs, which is consistent with data from several previous studies (48) (49) (50) . these results suggest that rUnX3 promoter methylation plays an important role in the genesis and development of Acc. It was demonstrated that rUnX3 methylation was significant correlated with clinicopathological parameters, such as clinical stage, nerve invasion, lymph node metastasis and distant metastasis; however, no correlation with gender, age, tumor site and histologic types was noted. these results are consistent with those in the literature which report that 'RUNX3 methylation has significant correlation with tumor progression and prognosis' (12, (51) (52) (53) (54) . the degree of rUnX3 methylation in 19 cases of frozen Acc specimens was significantly related with the down-regulation of mRNA and protein of RUNX3, suggesting RUNX3 methylation may be a key mechanism for RUNX3 inactivation in the genesis and progression of Acc.
In the present study rUnX3 protein expression was significantly correlated with distant metastasis and T stage, and RUNX3 protein expression in metastatic ACC was significantly higher than that in the Acc cases without distant metastases. research has shown that ectopic expression of rUnX3 protein, regardless of rUnX3 methylation, is always apparent in the cytoplasm of tumors. therefore, ectopic expression of rUnX3 protein in the cytoplasm may play an oncogenic role (8, 11, 12, 24, 54, 55) , but the exact mechanism involved remains to be elucidated. The results of this study also suggest that the ectopic expression of rUnX3 protein in the cytoplasm may also play an important role during Acc progression. generally, rUnX3 methylation in Acc is an important cause of the down-regulation or deficiency of RUNX3 protein expression, and inhibition of RUNX3 expression has been correlated with prognosis of patients, which is similar to previous reports (56, 57) . We found that the RUNX3 methylation was significantly related with overall survival (P=0.001, log-rank test; p=0.009, cox-regression). Meanwhile, in the cox multivariate survival analysis, there was significant association between rUnX3 methylation and overall survival (p=0.011). therefore, RUNX3 may be a candidate as a prognostic marker and a molecular therapeutic target for salivary Acc, providing a new approach for the diagnosis and treatment of Acc (58) . this trend warrants further investigation and statistical evaluation in a larger series of patients with a longer follow-up period. However, the regulation of rUnX3 expression, the mechanisms of rUnX3 transcription factors and whether or not the rUnX3 inter-relates with other oncogenes and/or tumor-suppressor genes are still undetermined. re-expression of rUnX3 in ACC-M cells from advanced lung metastases can be induced by 5-Aza-dC, and this expression may inhibit the proliferation of cancer cells. 5-Aza-dc is a promising potential treatment for Acc.
